Family studies can address these concerns, as twins from the same family share genes and early family environments, enabling adjustment for these biases in neighborhood-health studies (Plomin, 2014) . We used a sample of twins from the Midlife in the United States Study II (MIDUS II) to examine relationships between neighborhood income and neighborhood safety concerns and multi-system physiological risk. Physiological risk assessments capture functioning across multiple regulatory systems (Gruenewald et al., 2012) . Although there exist a variety of ways of assessing physiological risk (Wiley, Gruenewald, Karlamangla, & Seeman, 2016) , a consensus emerges that increased physiological dysregulation increases individuals' risk of mortality (Karlamangla, Singer, Seeman, 2006) above other common risk factors, including age (Levine & Crimmins, 2018) . 
Neighborhoods and Health
People living in lower SES neighborhoods have worse health (Schulz & Northridge, 2004) . Chronic health conditions are more prevalent in low income neighborhoods, including those affecting infants (low birth weight), children (asthma), and adults (cardiovascular health; Pickett & Pearl, 2001) . Older adults may be particularly vulnerable to neighborhood adversity due to reduced mobility, physiological well-being, and cognitive functioning with which to cope with chronic stressors (Glass & Balfour, 2003) . Neighborhood features are related to cognition, physical functioning, mental and physical health, and mortality among older adults (Yen, Michael, & Perdue, 2009 ).
Fear of neighborhood crime is posited to constrain people's behaviors (Raudenbush, 2003) , many of which are health-promoting (physical activity). Tis fear is further associated with health, including elderly mobility disability, self-rated health, and psychological distress (Clark, Kawachi, Ryan, Ertel, Faye, & Berkman, 2009) . Women are more likely than men to report fear of neighborhood crime (Snedker, 2015) , perhaps because they view themselves as more vulnerable to threats of harm, or because they provide care to others in their homes. Despite these gender differences, to our knowledge, there has been no examination of gender differences in relationships between safety concerns and health. This is an important gap in the literature that is addressed in the present analyses.
Physiological risk, which include indicators of inflammation, neuroendocrine, and cardiovascular functioning, is elevated in low SES neighborhoods (Robinette et al., 2013) and neighborhoods perceived as unsafe (Robinette et al., 2016) . These relations have been observed in both cross-sectional and longitudinal studies, suggesting both concurrent and lasting associations. Examination of physiological risk is informative for multiple reasons. First, mutual Downloaded from https://academic.oup.com/psychsocgerontology/advance-article-abstract/doi/10.1093/geronb/gby157/5267842 by Eccles Health Sci Lib-Serials user on 22 January 2019 A c c e p t e d M a n u s c r i p t 5 genetic variants explain the common co-occurrence of many single physiological indicators (e.g., blood glucose and lipids; Locke et al., 2015) . Second, exposure to situations of stress is associated with changes across multiple physiological indicators, and it has been posited that mitochondrial dysfunction partially explains this integrated response to stress (Picard et al., 2015) . For these reasons, it can be expected that dysregulation of multiple regulatory systems occurs together, and assessing multi-system physiological risk provides a more holistic impression of people's health.
Common among many previous neighborhood-health studies is a concern that health is better explained by individual-level factors. Age, individual SES, and gender, for example, may relate to health, choice of neighborhood, or both. Chronic health conditions are disproportionately represented among older adults (Crimmins, 2015) . Older adults are often less mobile, spending more time in their neighborhoods than younger adults, therefore experiencing greater exposure to their neighborhoods than younger adults (Glass & Balfour, 2003) . Low SES individuals have poor health (Gruenewald et al., 2012) and generally live in low SES neighborhoods (Pickett & Pearl, 2001) . Lastly, despite a lesser chance of being victimized, women report more fear of neighborhood crime than men (Snedker, 2015) . Although researchers adjust for these characteristics in neighborhood-health research (Pickett & Pearl, 2001) , it is implausible to adjust for a comprehensive list of potential selection confounds.
Selection versus Causal Pathways
Genetic and environmental factors shared among family members may confound the putative causal health effects many researchers hypothesize. For instance, common genetic variants explain correlations among education and multiple health outcomes (Boadman, Domingue, & Daw, 2015) . Furthermore, many SES correlates such as education (Lindahl, 2011) , Downloaded from https://academic.oup.com/psychsocgerontology/advance-article-abstract/doi/10.1093/geronb/gby157/5267842 by Eccles Health Sci Lib-Serials user on 22 January 2019 A c c e p t e d M a n u s c r i p t 6 and cardiovascular disease are partially heritable (Elder et al., 2009) . Growing evidence indicates that selection into certain environments is genetically mediated (Plomin, 2014) . It is also feasible that people who grew up in neighborhoods with more resources for physical activity will select into similar types of neighborhoods as adults. Discerning the true effect of neighborhood features on residents' health is challenging when potential gene-environment correlations are not taken into account.
Compounding this challenge is the general inability to randomly assign individuals to neighborhoods. One exception was the Moving to Opportunity Study (MTO; Sanbonmatsu et al., 2011) . Moving randomly selected families from high-to low-poverty neighborhoods was related to decreased risk of obesity and diabetes at 10-year follow-up . Such true experiments, however, often are costly, so alternative approaches are needed.
Genetically-Informed Research Designs
Family studies represent a powerful alternative to random assignment, acting as a natural experiment, that can be used to address potential selection processes (Neale & Maes, 1992; Plomin, 2014) . Many individual characteristics that may bias neighborhood-health links, including genes and early exposure to social, economic, and environmental factors, are correlated among twins from the same family. These shared experiences within twin-pairs make family data an appealing alternative to random assignment. Twins from the same family serve as each other's matched-control, with differences in their adulthood neighborhoods serving as predictors of differences in their health. Significant neighborhood-health findings are adjusted for a wide range of unmeasured individual characteristics on which twins from the same family are similar. Few researchers have used family data in neighborhood studies, and those that have generally focused on childhood (Caspi, Taylor, Moffitt, & Plomin, 2000) . Academic achievement is more similar among children raised in the same family than those who grew up in the same neighborhood (Lindahl, 2011) . In a study of adult twins, the twin living in a lower income neighborhood had a greater risk for ischemic heart disease than the twin living in a higher income neighborhood (Merlo, Ohlsson, Chaix, Lichtenstein, Kawachi, & Subramanian, 2013) . This study provides evidence for unique relations to neighborhood SES. Additional research using adult sibling data is needed to support causal arguments that neighborhoods influence health.
The Present Study
We used a sample of adult twins from MIDUS II to examine the relation between neighborhood income and neighborhood safety concerns and physiological risk (data collected between 2004-2009 ). Measures of physiological risk not only predict mortality (Karlamangla et al., 2006) , but are often stronger predictors of mortality than age (Levine & Crimmins, 2018) .
We conducted between-and within-family models to test the hypothesis that neighborhood features influence physiological risk after adjusting for family-level factors that may bias hypothesized neighborhood-health links. If the twin living in a better neighborhood has lower physiological risk than his or her co-twin, then there is increased support for the causal influence of neighborhoods on health. If twins living in different neighborhoods have similar health, however, this would suggest that common familial processes alone explain previous neighborhood-health links.
This study builds on current understanding of neighborhood-health relationships in multiple ways. First, we addressed the issue of selection bias by using family data to examine Second, we extended work examining youth (Caspi et al., 2000) by assessing a large sample of older adults. Physiological risk increases with age (Crimmins, Johnston, Hayward, & Seeman, 2003) and examining older adults may assist in determining how neighborhood features influence this aging process. Third, by examining physiological risk, we demonstrate the plausibility of early identification of those at greatest risk for the development of health problems, and a potential physiological pathway to health. Fourth, we examine both objective and subjective neighborhood indicators for a broader assessment of neighborhood quality.
Finally, given the gender differences in reports of neighborhood safety concerns, we tested for gender differences in our analyses.
Method Sample and Procedures
MIDUS is a national survey of United States adults. Random digit dialing procedures were used to recruit the majority of the sample. Twin pairs were identified thorough the MIDUS Twin Screening Project involving telephone interviews assessing the presence of twins among a randomly selected set of 50,000 U. S. households. We report models using both the MIDUS full Wisconsin; and Georgetown University). Eligibility for the Biomarker Study was determined by ability and willingness to travel to one of those sites. Participants provided blood and urine and completed a physical exam, allowing for the construction of a physiological risk variable. The study was completed using ethical guidelines with the approval of each review board of the institutions involved.
Measures
Physiological risk. MIDUS researchers constructed a summary measure of physiological risk using a data-driven approach. First, using the physical exam and biological samples, values on each of 24 biomarkers were categorized into quartile ranges of the biomarker distributions (see Gruenewald et al., 2012) . Given that elevated values on many physiological indicators is health-compromising, the highest quartile was considered 'at risk.' Only two exceptions, DHEA-S and HDL cholesterol where lower values are health-compromising, used the lowest quartile as 'at risk.' Each of the 24 physiological indicators were given scores of 0 (no risk) or 1 (at risk) based on these risk categories.
Next, each of the 24 indicators were grouped by physiological system: the cardiovascular, sympathetic and parasympathetic nervous, hypothalamic pituitary adrenal axis, inflammatory, and lipid and glucose metabolism systems. Because these seven systems contained an uneven number of indicators, each sub-system for which data on at least half of the biomarkers of the subsystem was available was scored based on the proportion of within-system indicators with values in the 'risk' quartiles. The system-specific scores thus ranged from 0, indicating none of the within-system indicators had values in the quartile of risk, through 1, indicating that all of the within-system indicators had values in the quartile of risk. Lastly, the seven 0-1 system-specific 
Statistical Analyses
We begin by presenting the descriptive results of key variables. Gender comparisons were conducted using t tests when analyzing the MIDUS full sample, and linear mixed-effects regressions when analyzing the MIDUS twin sample given that correlation between twin pairs violates the independence of observations assumption. represents any unique environmental effects that contribute to twin differences and includes measurement error and is uncorrelated between twins. In these models, latent variables were mean-centered with variances constrained to 1, while factor loading were freely estimated. It is assumed that the A, C, and E latent variables are neither correlated nor interact with one another.
The model functions under the assumption that maternal and paternal genetic backgrounds are uncorrelated (Neale et al., 2014) .
As a formal test of mediation, physiological risk is then regressed on the A, C, and E latent components of the neighborhood variables (see Figure 1) to test whether the genetic and environmental effects underlying the neighborhood variables significantly account for variability in physiological risk. If the E regression coefficient remains significant after adjusting for the effects of A and C, then there is support for the causal argument that neighborhood features influence health. We further adjusted for age and each twin's adulthood household income; physiological risk was regressed on household income reported both by Twin 1 and Twin 2 from the same family as this factor is presumed to vary within twin pairs. Additionally, we modeled correlations between all predictor variables (neighborhood indicator and covariates) within and across twins from the same family.
With the twin sample, we first fit multiple regression models to examine neighborhoodhealth links, not taking into account potential genetic and environmental pathways. Next, individual A, C, and E regression effects were estimated. This procedure allowed for a test of whether the twin living in a lower income neighborhood or a neighborhood perceived as less safe would also have greater physiological risk after controlling for family-level factors. Finally, we fit a model that equated the regression effects between men and women to test whether A c c e p t e d M a n u s c r i p t 13 neighborhood indicators influenced physiological risk equally between genders. All models were adjusted for individual income and age.
All multivariate models were fit using maximum likelihood with a robust standard error estimator (MLR). Exploratory data analysis revealed that univariate and multivariate normality assumptions were not met in the genetically informed structural models (Mardia's test of multivariate skew = 9.83, p < .001 and Mardia's test of multivariate kurtosis = 32.28, p < .001).
MLR, thus, was used to minimize bias of the parameter estimates. Given violations of normality and the relatively small size per group, we used the Satorra-Bentler chi-square difference test (Satorra & Bentler, 2001) to compare nested models (e.g., comparing models where male and female parameters were equated or freely estimated). Additionally, we used the root mean square error of approximation (RMSEA) to assess absolute model fit (.05 is good and .08 is acceptable fit), and the Tucker Lewis Index (TLI) to assess incremental fit (greater than .95 is considered good fit; Hu & Bentler, 1999) . Table 1 by sex and sample (MIDUS full versus MIDUS twin). Both men and women had fairly low levels of physiological risk.
Results

A description of participants can be found in
Individual and neighborhood income span wide ranges. Men reported significantly higher perceptions of neighborhood safety than women in both the full and twin samples. Among the full sample, men reported significantly higher household income, and among the twin sample women were significantly older than men.
Results of the MLMs predicting physiological risk among the MIDUS full sample are shown in Table 2 . The first set of models indicated that people living in neighborhoods perceived as less safe had significantly higher physiological risk, adjusting for age, gender, and household Results of the linear regression in the twin sample suggested that women living in neighborhoods perceived as less safe had significantly greater physiological risk after adjusting for household income and age. This association was not observed among male twins. Both men and women living in lower income neighborhoods had significantly greater physiological risk.
Older age, additionally, was significantly associated with greater physiological risk.
Next we present the twin correlations. There was stronger family resemblance for neighborhood income than neighborhood safety (see Table 3 ). Among men, the MZ correlations were twice the DZ correlations, suggesting an additive genetic process underlying neighborhood income. For neighborhood safety and physiological risk, however, DZ correlations were slightly larger than MZ correlations, suggesting shared environmental processes for both neighborhood measures. Among women, DZ correlations were similar to MZ correlations for neighborhood income, and were greater than MZ correlations for neighborhood safety, suggesting predominance of shared environmental influences on both neighborhood measures. Physiological risk had a greater additive genetic component as suggested by the larger MZ than DZ correlations.
The cross-twin, cross-trait (CTCT) correlations for both neighborhood safety and neighborhood income are unsystematic. In the male twins, the MZ CTCT correlations are negative for both neighborhood safety and neighborhood income. These correlations indicate that In the between-and within-family model which adjusts for any between-family confounds, the relation between neighborhood safety and physiological risk among women persisted; the female twin living in a neighborhood perceived as less safe had significantly greater physiological risk than her co-twin after controlling for family-level confounds (see Table 4 ). Neighborhood income, however, was no longer a significant predictor for either gender in the between-and within-model. As can be seen in Figure 2 , twins within the same family were ordered from low to high on both neighborhood indicators. Panel A of Figure 2 demonstrates that, among female twins, the twin feeling less safe generally had greater physiological risk. This was less so for men. Panel B of Figure 2 revealed that female twins living in lower income neighborhoods consistently had higher physiological risk, but this was only sometimes the case Downloaded from https://academic.oup.com/psychsocgerontology/advance-article-abstract/doi/10.1093/geronb/gby157/5267842 by Eccles Health Sci Lib-Serials user on 22 January 2019 A c c e p t e d M a n u s c r i p t 16 among male twins. The statistically significant regression effect of safety on health in the female twins was largely is driven by the difference in DZ twins. It is also worth pointing out that the standard errors are large, so the estimates lack precision.
For neighborhood income, results of the Satorra-Bentler tests indicated that constraining the between-family and within-family regression effects across zygosity and gender was the bestfitting model (see Table 5 in the supplemental appendix). This suggested that selection effects of neighborhood income on physiological risk were the same across genders and zygosity groups.
For neighborhood safety, the best-fitting model constrained between-family, but freely-estimated within-family regression effects across zygosity and gender.
Discussion
Neighborhood income and neighborhood safety concerns are associated with residents' physiological health (Robinette et al., 2013) . With the exception of the MTO study , however, previous investigations of these relations have been correlational, limiting the ability to make causal inferences. We used a sample of twins to examine relations between physiological risk and two neighborhood features, neighborhood income and neighborhood safety concerns. Results of this genetically-informed study indicated that female twins reporting more neighborhood safety had lower physiological risk than their cotwins. These results support causal arguments that this social neighborhood feature influences women's health.
Neighborhood Safety and Health
We found evidence of a significant relation between lower neighborhood safety and greater physiological risk among women, a finding which has been observed among samples of unrelated individuals (Robinette et al., 2013; Robinette et al., 2016) . We found this pattern of Perhaps the most difficult methodological challenge in neighborhoods-health research is that people are generally not randomly assigned to neighborhoods. When relationships between neighborhood safety concerns and residents' physiological risk are observed, is it because exposure to neighborhood safety concerns is health-compromising? Or is it because the same characteristics that motivate people's selection into certain neighborhoods also increases their risk for cardiometabolic health problems? Results from this study suggest, at least among women, that these concerns are causally linked with health. The present analysis represents the first genetically-informed test of this question and may encourage policy-driven efforts to improve neighborhood conditions and therefore community-level health.
The association between neighborhood safety concerns and health was not observed among men. Other researchers have noted that women typically report more fear of crime than (Snedker, 2015) , and have posited that women more often than men appraise themselves as less able to cope with threats and experience fear for the safety of others. Although we did not assess fear of crime in the present study, we observed a similar pattern in the present study, with women reporting lower neighborhood safety than men. These perceptions were significantly related to women's health. Extrapolating for the sociological literature noted above (Snedker, 2015) , we believe the gender difference observed in the present study are explained by women's relatively keener perception of safety hazards in their neighborhoods. Women are more likely than men to work in the home, which results in a greater amount of time spent in the home.
Moreover, women are more likely the care providers of both children and older parents. Should women perceive their immediate surroundings as being unsafe, this would indicate a threat to their safety as well as the safety of their family members. Taken together, neighborhood safety concerns may serve as a more salient threat to women than men, one which may therefore have a stronger influence on women's physiological regulation.
Neighborhood SES and Health
Although we found a significant relation between lower neighborhood income and greater physiological risk among both men and women in multiple regressions in the MIDUS full sample, this effect was not statistically significant after adjusting for genetic and environmental selection confounds in the between-and within-family models. The neighborhood income effect was likely attenuated due to gender differences. Among female twins, those living in higher income neighborhoods have lower physiological risk, supporting our hypothesis. Among male twins, however, the opposite pattern emerged, and this gender difference likely explained the null neighborhood income-physiological risk finding. Lastly, in the between-and within-family regression models, the parameter estimates may have been biased because the data were not multivariate normally distributed. Although a maximum likelihood estimator was chosen to minimize bias of the reported parameter estimates, further replication is needed. In addition, given that the present sample is primarily white, future tests of these questions should include more racially/ethnically heterogeneous and international family data.
Limitations and Future Directions
Policy Implications
The present study is among the first to utilize family data to test an important epidemiological question regarding the relevance of the neighborhood environment for residents' health. Results of the present study indicate that efforts to increase safety within neighborhoods may slow biological aging or reduce the burden of disease at community-levels. Increasing street lighting, for example, may represent a cost-effective way to increase safety perceptions with minimal investment by civic institutions. Results of the present study suggest that feeling safer with well-lit streets may slow the development of physiological risk. Table 3 Neighborhood indicators and multi-system physiological risk within-pair and cross-twin, Note. MZM = monozygotic male, MZF = monozygotic female, DZM = dizygotic male, DZF = dizygotic female, DZOS = dizygotic opposite sex pair. Table 4 Unstandardized parameter estimates for phenotypic and best-fitting genetically-informed models predicting multi-system 
